Abstract-Seven combinations of aquatic plant extracts were tested to feed juveniles of H. scabra: Thalassia hemprichii, T. hemprichii with 3 % Spirulina, Sargassum latifolium, S. latifolium with 3 % Spirulina, Thalassodendron ciliatum, Syringodium isoetifolium and organic biofilm. A control test consisted in rearing epibenthic juveniles in tank without any food supply. The results showed that extracts of S. latifolium with or without Spirulina gave the best growth and high survival rates: the mean epibenthic volumes were 112 +/-55 mm³ and 81 +/-21 mm 3 and the survival rates were 60 and 68 % respectively at the end of the experiment (8 weeks).
INTRODUCTION
Sea cucumbers, particularly species of the families Holothuridae and Stichopodidae, are overexploited in different regions of the world (Battaglene, 1999b; Conand, 2001 Conand & Byrne, 1993; ToralGranda, 2006) . In Madagascar, the overexploitation is so intensive that it may lead to the disappearance of the holothurian resource in a short time; this is indeed true for the entire west coast of the island (Conand, 1998; Conand et al., 1997; Rasolofonirina & Conand, 1998) . Since 2000, Madagascar has been exporting an average of 820 t of trepang (dried sea cucumber) per year (Lavitra, 2008) .
Aquaculture is considered as the best solution to decrease fishing pressure and restore natural stocks of sea cucumbers (Conand, 2001; Purcell & Kirby, 2006) . Since 1990, several projects have thus been developed to assess the potential of sea cucumber for small-scaled aquaculture in the Indo-Pacific Ocean where Holothuria scabra Jaeger, 1833 seems the most promising species (Battaglenne, 1999a; James, 2004; Gamboa et al., 2004 , Pitt & Duy, 2004 . For that purpose, a sea cucumber mariculture project was launched in Toliara (South West of Madagascar) in 1999. The facility known as Aqua-Lab includes a hatchery and a grow-out farm (Jangoux et al., 2001) where the different developmental stages of H. scabra are now cultivated under controlled conditions.
At the Aqua-Lab hatchery, after larval metamorphosis, juveniles of H. scabra are firstly epibenthic (they remain on the substrate and never burrow) for six to eight weeks. They are reared in tanks without sediment until they reach 10 to 20 mm (0.3 to 1 g). At this stage, they become endobenthic (burrow into the sediment during the day) and are transferred into outdoor ponds filled with sediment collected from the natural environment (seagrass beds). When juvenile H. scabra are epibenthic, their survival and growth is particularly dependent on the availability and the quality of food as well as the rearing density (Battaglene, 1999b; Battaglene et al., 1999; James, 2004; Pitt & Duy, 2004; Agudo, 2007) , therefore, several types of food and rearing density have been suggested in the literature. However, with the exception of Battaglene et al., (1999) who experimented with two different stocking densities (300 and 1,000 juveniles tank -1 ) and two feeding regimes (Algamac © and Livic), none of the existing works explain how the authors monitored experiments to draw their conclusions (James, 2004; Pitt & Duy, 2004; Agudo, 2007) . The present work is the first that explains the effects of various food types and the rearing densities on epibenthic juveniles of H. scabra.
MATERIALS AND METHODS
Experiments were conducted in the AquaLab hatchery, based at the IH.SM site (Institut Halieutique et des Sciences Marines), University of Toliara (Madagascar), between January 2005 and April 2007. Mature individuals of H. scabra were collected on several occasions from their natural environment (Toliara bay) and brought to the hatchery. The fertilization technique and larval rearing methods used were those described by Rasolofonirina (2004) . After metamorphosis and settlement, epibenthic juveniles were transferred into tanks for experimentation. Newly settled juveniles measuring 0.5 mm in length attached firmly to settlement surfaces. They were collected with Pasteur pipettes and distributed onto polyester plates, each with a surface area of 0.05 m². The plates containing the juveniles were placed in 15 l tanks with a surface area of 0.28 m² oxygenated by means of an air compressor. With the insert polyester plate included, the surface area in each experimental tank was then 0.33 m². Sea water was changed every two days and the whole tank surface and the plate were cleaned every two weeks. All experiments were conducted in the hatchery at a temperature range of 28 -32 °C. The number of the juveniles tested varied depending on the experiments (see below).
Effect of food quality
The same experiment was carried out at different periods of the year (Trials 1 and 2, January 2005; trial 3, October 2005; trials 4 and 5, January 2006) and an initial density of 150 individuals m -2 was used (50 juveniles per tank). During each eightweek trial, seven batches of juveniles were reared with seven different types of food and their survival and growth rates compared. The food types tested were: (i) an extract of Thalassia hemprichii, a seagrass species, (ii) an extract of T. hemprichii with 3 % Spirulina, source of protein, (iii) an extract of Thalassodendron ciliatum, a second seagrass species, (iv) an extract of Syringodium isoetifolium, a third seagrass species, (v) an extract of Sargassum latifolium, a brown alga, (vi) an extract of S. latifolium with 3 % Spirulina and (vii) an organic biofilm. The control test in each trial consisted of observing the survival and growth of epibenthic juveniles in filtered seawater without any food supply. In total, 400 individuals were used for every trial (8 batches with 50 individuals each).
To prepare extracts, newly collected brown algae and seagrass were cut into small pieces, grounded into a fine paste and filtered on a 80 µm mesh sieves. The extracts were collected, conserved at 4 °C and used as food for epibenthic juveniles of H. scabra. The food was given daily at the end of the afternoon at a rate of 10 mg l -1 (dry weight) during the first week, 15 mg l -1 during the second and 20 mg l -1 for the remaining weeks. For juveniles fed with a biofilm, the biofilm was collected by placing plates of 0.05 m² in Aqua-Lab aquaria for two to three weeks. After this period of time, 2, 3 and 4 plates (equivalent to the same amount in dry weight of food extract) were scrubbed and the collected effluent was added daily into the tanks during the first, second and the remaining weeks respectively.
Effect of rearing density
This experiment was also repeated five times at different periods of the year (November 2006 for the two first trials and March 2007 for the three remaining trials). Each trial lasted eight weeks. Four initial rearing densities, 150, 300, 450 and 600 individuals m -2 (corresponding to 50, 100, 150 and 200 juveniles per tank respectively) were tested and the growth and survival of epibenthic juveniles between batches were compared. For each trial, a total number of 500 individuals were used. Epibenthic Juveniles were fed with the extract of Sargassum with 3 % Spirulina. The food was given every two days at the end of the afternoon with 10, 20, 30 and 40 mg l -1 of extracts (dry weight) in tanks whith densities of 150, 300, 450 and 600 individuals m -2 respectively. Data analysis Epibenthic juveniles extended and retracted readily which introduced bias to the measurements. Consequently, the volume of juveniles was calculated so that both length and width were taken in account. The juvenile shape was assumed to be a cylinder and the global volume was calculated with the formula: πr²L where r represents the radius and L the length. Measurements were done using an optical microscope and carried out at the beginning of the experiments and every two weeks afterwards. Juveniles were counted every two weeks to determine the survival rate.
Homogeneity of variance and normality were assessed using Levene's and KolmogorovSmirnov's tests, respectively. As trials were conducted at a different period of time, 2-factor ANOVA test was carried out to compare the average volume of juveniles and then, an LSD test was selected as post-hoc test for comparison of means. Due to repeated measurements, a Friedman test was used to analyse non-independent data followed by the Behrens-Fisher test for comparison of means. Statistic analyses were performed by using SYSTAT v9, SPSS v13 and R.2.6.1 software.
RESULTS
Effect of food on survival and growth of hatcheryreared epibenthic H. scabra juveniles
Survival
The survival rates of epibenthic juveniles fed over the eight week trial period varied from 34 to 66 % (50 individuals per tank at the beginning of the experiment; 17 to 33 individuals per tank towards the end) depending on the food tested while only 7 % of juveniles were alive in the control test (without any artificial food supply) (Fig. 1) . The results clearly demonstrate that both food availability and food types affects the survival of epibenthic juveniles of H. scabra (p = 0.0018), however no difference was observed between seagrasses and alga ( Fig. 1) .
Growth
As batches fed with T. hemprichii (with or without Spirulina), S. latifolium (with or without Spirulina) and T. ciliatum increased survival rates (more than 50 % at the end of the experiment), they were considered in subsequent experiments. At the beginning, epibenthic juveniles were an average size (volume) of 0.034 mm³. After eight weeks of rearing, a significant difference was observed in size (p = 0.0066) depending on the type of food tested. For the five food types considered, the extract of S. latifolium with and without Spirulina gave the best growth rate. The average volumes of epibenthic juveniles fed with those two types of food were 112 +/-55 mm³ and 81 +/-21 mm³ respectively at the end of the rearing period (Fig. 2) . Extracts of seagrasses T. ciliatum and T. hemprichii with or without Spirulina gave lower growth rates with juveniles at the end of the experiment showing respective sizes (volumes) of 48, 39 and 25 mm 3 (Fig. 2) .
Characteristics of the best rearing regime (juveniles fed with S. latifolium with 3 % Spirulina) are presented in table 1. On average, 34 % of epibenthic juveniles died during the rearing period (8 weeks). However, mortality rates were not the same during the entire rearing period, rather mortality was more important during the two first weeks. Overall, the mortality rates observed were 20, 8, 4 and 2 % during the second, fourth, sixth and eighth week of rearing, respectively. The growth rate also varied over time. It was relatively slow during the two first weeks, it increased and reached a maximum between the fourth and sixth week and then decreased again (Table 1) . Effect of rearing density on survival, growth and biomass (expressed in volume) of epibenthic juveniles of H. scabra.
Overall, the growth and the survival of H. scabra epibenthic juveniles were inversely proportional to the rearing density: the higher the settling density, the lower the survival and growth rates. The relationships between "survival vs. rearing density" and "growth vs. rearing density" were both linear and statistically significant (p = 0.0000) (Fig. 3) .
Survival
Average survival rates (five trials) of epibenthic juveniles of H. scabra reared at four different densities are presented in figure 4. After eight weeks of rearing, survival was between 54 and 72 % depending on to the rearing density (p = 0.0030). The best survival rates (greater than 60 %) were observed in the batches with an initial density of 450 individuals m -2 or less: in tanks with 150, 300 and 450 individuals m -2 survival rates were of 72, 65 and 61 % respectively. The effect of density on the survival of epibenthic juveniles appeared from the second week of rearing (p = 0.0210) and was clearly observed for densities of 150 and 600 individuals m -2 . Differences between the average survival rates become greater over time (p = 0.0170 at the fourth week and p = 0.0040 at the sixth week of rearing). 
Growth
The average size of epibenthic juveniles of H. scabra obtained from 4 different rearing densities (five trials) are presented in figure 5 . After eight weeks of rearing, juveniles showed different sizes (p = 0.0018) depending on the densities tested. The best growth rate was observed with an initial rearing density of 150 individuals m -² where juveniles had a mean volume of 73 mm³ towards the end of the experiment. Densities of 300, 450 and 600 individuals m -2 resulted in lower growth rate and juveniles at the end of the experiment showed respective sizes of 46, 41 and 32 mm³. During the two first weeks of rearing, the rearing density did not affect the growth of juveniles (p = 0.2700). It starts to have its own effect at the fourth (p = 0.0140) and sixth week (p = 0.0290), however the difference between rearing batches is only significant between densities of 150 and 600 individuals m -2 . 
Effect of density on biomass (expressed in volume)

DISCUSSION AND CONCLUSION
In aquaculture today, several types of food are used to feed post-metamorphic sea cucumber juveniles (Battaglene, 1999a; Liu et al., 2004; James, 2004) . The majority of authors suggested that the addition or the use of Sargassum extracts always produced better yields James, 1999; James, 2004; Battaglene, 1999a; Liu et al., 2004; Rasolofonirina, 2004) . Our results also showed the importance of Sargassum latifolium extracts to feed epibenthic juveniles of H. scabra. This brown alga is easily available from the wild in the Toliara region. As it has never been used or exploited by local communities, and is very inexpensive. Another advantage of Sargassum is that it can be easily dried and stored to be used during the winter season (especially during June, July and August where there is no Sargassum in the marine environment. It should be noted that, in small-scale aquaculture operations, this dependence on Sargassum is potentially viable, however, at an industrial level there is a potential risk of overexploitation of this brown algae. In the long term, further research should be conducted to identify an appropriate manufactured diet to make this activity economically and environmentally sustainable.
The addition of other types of food such as yeast, fish meal and sea kelp powder with the extract of Sargassum would also be useful (Liu et al., 2004) . The use of dry powder Spirulina platensis (micro algae with over 60 % protein content) is often the most suggested protein source to complement the main diet in sea cucumbers (Liu et al., 2004; Pitt & Duy, 2004; Rasolofonirina, 2004) . Although our study shows that the addition of Spirulina in the food of epibenthic juveniles of H. scabra promotes their growth, there was no statistical difference with Sargassum used alone. The high cost of Spirulina in Madagascar (56 euros per kilo) renders its use too expensive to use in industrial scale production, however it demonstrates that the inclusion of a protein source in sea cucumber food may be valuable.
The present study showed that rearing density has an influence on the growth and survival of epibenthic juveniles of H. scabra: the higher the rearing density, the lower the survival and the growth rate. The optimum rearing density that we suggest for epibenthic juveniles of H. scabra is between 300 and 450 individuals m -2 where they have both the best survival rate and biomass. Whilst juveniles reared at 150 individuals m -2 demonstrated the best growth this biomass is too low that this density cannot be seriously considered in sea cucumber aquaculture. At 600 individuals m -2 the survival rate is too low. The same trend was also observed by James et al. (1994) who proposed the optimum rearing density between 200 and 500 individuals m -2 for the same species (James et al., 1994; James, 2004) while Agudo suggested a rearing density much higher, between 500 and 700 individuals m -2 (Agudo, 2007) . In H. scabra farming, epibenthic juveniles of the same population do not grow at the same rate which explains the high standard deviations during measurements in the present study, as also noted by others (Pitt & Duy, 2004; , Battaglene et al., 1999; and Rasolofonirina, 2004) . The best growth during the present study was 112 mm³ (about 13 mm long) after eight weeks. Other available data varies according to another: 13 mm (3 to 41 mm) within one month (Battaglene, 1999a; Battaglene et al., 1999) , more than 20 mm within two months (James, 1999; James, 2004) , 11 mm in one month (Rasolofonirina, 2004) and between 10 and 20 mm in one month (Agudo, 2007) . In a hatchery in general, the average growth rate is between 1 and 15 mm month -1 depending on the initial size of the juveniles and the duration of the rearing (Rasolofonirina, 2004) . Survival of epibenthic juveniles of H. scabra is directly influenced by the type of food, the rearing density (James, 1994 (James, , 1996 (James, , 2004 Pitt & Duy, 2004 , Rasolofonirina, 2004 , Agudo, 2007 present work) and the temperature (Rasolofonirina, 2004) . The survival rates recorded during the present study were 34 to 66 % depending on the types of food, and 54 to 72 % depending on the rearing density. Battaglene (1999a) obtained a survival rate of 34 % after one month of rearing (on plates, fed with bacterial and diatoms film, density unknown). Rasolofonirina (2004) showed that survival rates varied between 41 and 75 % depending on the temperature. In the present study it was noted that the highest mortality occurred during the first two weeks of rearing, when juveniles are less than 5 mm long. The beginning of the postmetamorphic stage is thus a critical period in the rearing of H. scabra juveniles.
In conclusion, the present experiments suggest that (i) the optimization of survival and growth of epibenthic juveniles of H. scabra requires the use of a particular food, (ii) the recommended food is the extract of brown algae S. latifolium, (iii) the optimal rearing density is between 300 and 450 individuals m -2 . In addition, the experiment shows the positive effect of the addition of a protein source to feed H. scabra juveniles.
